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0 WATER-PROOFING SHEET HAVING HIGH HYDRAULIC PRESSURE RESISTANCE AND HIGH MOISTURE 
PERMEABILITY, AND PRODUCTION THEREOF. 

© A water-proofing sheet having high hydraulic pressure resistance and high moisture permeability and having 
a wet type coagulation polyurethane film on the surface of a cloth. A clay organic composite member containing 
quaternary ammonium ions introduced between layers of swellable laminar silicates is dispersed in the wet 
coagulation polyurethane film 0.5 to 20 wt% on the basis of the solid content of the polyurethane, the hydraulic 
pressure resistance is at least 5,000 mm and perm ability is at least 8,000 g/m 2 24 hrs. Polyurethane is 
dissolv d in a solvent consisting mainly of a nitrogen-containing polar solvent, and a solution prepared by 
dispersing the clay organic composite member containing the quaternary ammonium ions between the layers of 
the swellable laminar^silicate 0.5 to 20 wt% on the basis of th solid cont nt of the polyur than is applied to a 
cloth, and the cloth is immersed in a coagulation bath to coagulate the polyurethane. Thereafter, washing with 
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Technical Field 

The present invention re,*** to . waterp-oo. » "* ' "'^ 8 

*gh moisture permeability end a method to, producing the same. 

Background Art 

A c^ventiona, mois^permeab* 

and the pore size becomes- large) to "^^J^^^i^^^^ " ater Dressure resiStanCe 
not fan to fa... and the waterproof ^T^r, size becomes sma.l). the moisture 

that of the water pressure resistance. 
Disclosure of Invention 

An obiec, o, the present motion is to _ ^0^-™^'-. 
waterproof sheet having both a high water * 3, a water-pressure resistance 

present invention is intended to provide a novel wate proof tab™ *>™^ hr 
as high as at leas. 5.000 mm end a moistun, ^^S^i^s*. weter- 
The present <™"«°° f>™** ^ ^^1". Km" .lireon. said we, coagulated 

sera's £y>s z&sxx: z^z^rrrz 

» motsture permeability o. - J ^ 6y a process comprising 

The waterproot sheet ot the present mw ment»ned *^ s .£ ,e £, ^ dispersing 
dissolving a potvurethan. into a ^ J,™ T^etha^ - a organophilic o,a, 

Brief Description of Drawings 

Fig . , is a SEM photograph ot a cross section ot a waterproot sheet obtained in an examp.e of the 
present inven^on.^ ^ ^ cross ^ Qf & sheet in a comparati ve examp.e of the 

^"Pig 'nTsEM photograph of the po.yurethane fi.m surface of a waterproof sheet obtained in an 
45 ^^^SZZZZ* 0{ the poiyurethane fi.m surface of a waterproof ^heet obtained in a 
comparative example of the present invention. 
Best Mode for Carrying Out the Invention 

The highly water-pressure-resistant and highly moisture-permeable sheet of the present invention will 
be explained in detail in accordance with the ^f^^^S^^ polyurethanes. po.yether 
Polyurethanes used in the present mvenfon ' n <^^ with a 

polyurethanes. polycarbonate polyurethanes. or mod fed ^^^^^.J by^onally blending 
Uamino acid, silicone, fluoromonom er n ? m ' ain ,y containing a nitrogen- 
these polyur thanes. Such a polymer .s d, ssolved « •J^JJ*^ the r sultant so .ution is us d as a 

»«!5^" — a so,ution ; f a -** thane 
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obtained by solution polymerization may naturally be used after adjusting the concentration thereof without 
further proc ssing. 

Dimethylformamide (DMF) is preferred as the nitrogen-containing polar solvent. There may also be 
employed a solvent mixture obtained by mixing DMF with N-methyl-pyrrolidone, m thyl ethyl ketone or the 
5 like solvent. 

A expandable phillosilicate in the present invention is a phillosilicate having a triple-layer structure 
wherein a magnesium or aluminum octahedral layer is sandwiched between two silica tetrahedral layers. 
The swelling lamellar silicate has a cation-exchanging ability, and further exhibits the peculiar properties of 
incorporating water into the interlayers and swelling. Smectite clay, swelling mica, and the like are known as 
10 swelling lamellar silicates. 

Examples of the smectite clay are natural or synthetic smectite clays such as hectorite (such as 
LUCENTITE (trade name) manufactured by CO-OP Chemical Co., Ltd.), saponite, stevensite, beidellite, 
montmorillonite, nontronite and bentonite, or substituents, derivatives or a mixture of these substances. 

Examples of the swelling mica are chemically synthesized swelling mica such as SOMASIF (trade 
is name, manufactured by CO-OP Chemical Co., Ltd.) and tetrasilicic mica containing a Li ion or Na ion in the 
interlayers, taeniolite, or substituents, derivatives or a mixture of these substances. 

The organophilic clay complex used in the present invention can be obtained by ion exchanging an 
interchangeable cation of a expandable phillosilicate for a quaternary ammonium ion. 

There is no specific limitation on the method for producing the organophilic clay complex so long as the 
20 interchangeable cation of the clay can be efficiently ion exchanged for a quaternary ammonium ion. One 
example of the method comprises adding to a dispersion containing from 1 to 5% by weight of a 
expandable phillosilicate in water, a solution of a quaternary ammonium salt in an amount 0.5 to 1.5 times 
(as equivalents) as much as that of the expandable phillosilicate in terms of cation exchange capacity. 

There is no specific limitation on the useful quaternary ammonium ion so long as it has a group which 
25 imparts swelling dispersibility to a nitrogen-containing polar solvent. For example, there can be mentioned 
as an appropriate example a quaternary ammonium ion of the general formula 

R l 

30 I 

R 2 -N + -R 4 
I 

R3 

35 

wherein Ri is an alkyl group of 1 to 22 carbon atoms or a benzyl group, R 2 is an alkyl group of 1 to 22 
carbon atoms or a (C m H 2m O) n H group (wherein m is an integer of 2 to 6, and n is an integer of 1 to 50), and 
R 3 and R* are each independently an alkyl group of 4 to 22 carbon atoms or a (C rn H 2 mO) n H group (wherein 
m is an integer of 2 to 6, and n is an integer of 1 to 50). Rl herein is preferably a methyl group, and R 2 , R 3 

40 and R* are each preferably an alkyl group of 1 to 18 carbon atoms. 

The organophilic clay complex used in the present invention preferably has properties as described 
below. It is swollen in a nitrogen-containing polar solvent and is easily dispersed thereinto, whereby most of 
the dispersed particles become flaky ultrafine particles having a thickness of 0.001 to 0.04 urn. 

When the particle shape of a expandable phillosilicate is not appropriate and such ultrafine particles, 

45 which have a very small thickness, of a organophilic clay complex are difficult to obtain, or when fine 
particles thereof having a smaller particle size in the plane direction are desired, the expandable 
phillosilicate is subjected to inorganic particle pulverizing treatment, high speed shear Tle&vage of a wet 
type or a dry type, or ultrasonic cleavage, prior to forming the organophilic clay complex. The organophilic 
clay complex prepared from the resultant expandable phillosilicate can be dispersed into a nitrogen- 

50 containing polar solvent to form flaky fine particles having a thickness of 0.001 to 0.04 urn at the time of 
dispersion. 

In the preparation of the waterproof sheet of the present invention, the organophilic clay complex is 
dispersed into the solution of a polyurethane in a nitrogen-containing polar solvent as mentioned above in 
an amount of 0.5 to 20% by weight, preferably 1 to 8% by weight based on the solid component of the 
55 polyurethane, and the resultant solution is used. 

When the amount of the organophilic clay compl x dispersed is less than 0.5% by weight based on the 
polyurethane solid component, the number of por s in the polyurethane film becomes insufficient due to the 
insufficient amounts the organophilic clay complex which is to becom the nucl i of coagulation. As a 

4 
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result, the moisture permeability is lowered, and the object of the present invention cannot be achieved. On 
the other hand, when the dispersed amount exceeds 20% by weight based the "polyurethane solid 
component, the number of pores is unnecessarily increased due to the excessive number of nuclei of 
coagulation. The pore size thereof then becomes large due to the mutual interconnection of the pores, and 
s there arises a disadvantage that the water pressure resistance does not reach the high level that the present 
invention aims at. 

A fabric is then coated with the polyurethane-containing solution prepared by dispersing the or- 
ganophilic clay complex in a suitable range in a manner as described above. Other assistants such as a 
fluorine type repellent and a crosslinking agent may of course be added to the solution at the time of 
io coating. 

Moreover, as the fabric, there may be used plain weave fabrics (taffeta, etc.), twill fabrics or knits of 
various synthetic fibers, or there may also be used various types of fabrics and knits of natural fibers or 
semi-synthetic fibers, or unwoven cloth, and the like. 

In addition, it is desirable that these fabrics should be treated with a water repellent in advance for the 
75 purpose of preventing permeation. 

The coating amount of the polyurethane-containing solution is preferably from 50 to 500 g/m 2 in a wet 
state. When the amount is less than 50 g/m 2 , the polyurethane porous film becomes unduly thin, and the 
fabric cannot exhibit a high water-pressure resistance. On the other hand, when the coating amount 
exceeds 500 g/m 2 , the improvement of the effect exceeding a predetermined expectation cannot be 
20 achieved, and an adverse effect tends to be exerted on the moisture permeability. 

In addition, the fabric may be coated by any of various methods such as knife coating, knife-over- roll 
coating and reverse roll coating. 

The coated fabric is then immersed in a coagulation solution containing mainly water whereby the 
nitrogen-containing polar solvent is eluted in water and removed and the polyurethane is coagulated. 
25 Since the above-mentioned organophilic clay complex is dispersed as flaky ultrafine particles having a 

thickness of 0.001 to 0.04 urn during coagulation, the ultrafine particles act as nuclei of coagulation 
(gelation), and as a result the individual pores become extremely fine. Accordingly, coagulated cells each 
having a pore size of about 0.1 to 1.0 urn are formed near the base fabric boundary face, and porous layers 
of ultrafine cells are formed in a highly aggregated state in addition to relatively large fine pores specific to 
30 the polyurethane film obtained by wet coagulation. 

In addition, though the coagulation bath may be composed of only water, a nitrogen-containing polar 
solvent may also be dissolved therein in advance in an amount of up to 40% by weight for the purpose of 
controlling the coagulation rate. The fabric is then washed with water after the completion of coagulation by 
immersion in water, and dried to obtain the waterproof sheet of the present invention. 
35 The waterproof sheet of the present invention is one obtained by the production steps as described 
above, and has both a high water pressure resistance, of at least 5,000 mm, and a high moisture 
permeability of at least 8000 g/m 2 »24 nr. 

The waterproof sheet of the present invention has such a high moisture permeability because pores 
having a size as fine as from 0.1 to 1.0 urn (the fine pores with the size being said not to allow water 
40 particles to permeate the polyurethane film and allow water vapor to permeate it) are formed in layers near 
the base fabric boundary face in a highly aggregated state. 

The formation of the ultrafine pores in a highly aggregated state is achieved by appropriately 
incorporating the organophilic clay complex into the solution of a polyurethane in a nitrogen-containing polar 
solvent. In other words, the organophilic clay complex acts as nuclei of wet coagulation of the polyurethane. 
45 As a result, the formation of large pores near the boundary face of the base fabric is retarded, and only 
ultrafine pores are formed aggregatedly. Moreover, the waterproof sheet exhibits an improved peeling 
strength because of the presence of such layers. — ' 

In addition, the reason why the organophilic clay complex used in the present invention brings about 
excellent results compared with other inorganic fine particles and organic fine particles have not been 
so definitely elucidated. However, the reason is presumably as described below. Since the organophilic clay 
complex used in the present invention is a lamellar ultrafine particles, the orienting tendency of the 
organophilic clay complex presumably acts on the particles, and the particles tend to be arranged in a 
certain direction and aggregated. As a result, ultrafine pores tend to form in a highly aggregated state. 

Furthermore, since the organophilic clay complex is dispersed in the polyurethane film of the waterproof 
55 sheet of the present invention, the size of the fine pores open to the surface thereof is as small as from 0.05 
to 2 urn though the reason is not definite. The size is far smaller than the size (0.5 to 3 urn) of fine pores 
open to the surface of a conventional polyurethane film. Accordingly, the wat rproof sheet of th invention 
xhibits a high Nydrauiic pressure resistance of 5,000 mm, a very high value which has n ver befor be n 
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obtained. 

The present invention will be further illustrated by making reference to examples. 
Examples 1 to 8 and Comparative Examples 1 and 2 

5 

A nylon taffeta prepared from nylon filament yarn of 70 denier was treated with a fluorine type water 
repellent as described below. 

The taffeta was immersed in an aqueous dispersion containing 3% by weight of a water repellent, 
squeezed at a pick-up of 40% , and dried and heat treated at 1 50 • C for 30 sec. 
70 The water-repellant nylon taffeta thus obtained was coated with either one of solutions of 10 types 
(Examples 1 to 8, Comparative Examples 1 and 2) of recipes as listed in Table 1 in an amount of 150 g/m 2 , 
and immersed in a bath of a coagulation solution which was an aqueous solution containing 10% by weight 
of DMF at 30 *C for 3 minutes whereby the coating solution containing a polyurethane was wet coagulated. 
The coated nylon taffeta was then washed with hot water at 80 *C for 10 minutes, and hot-air dried at 
75 140 - C t followed by heat treating at 160*C for 3 minutes. Ten types of waterproof sheets were thus 
prepared on an experimental basis- 
Table 1 



(Recipe: parts by weight) 





Comp. Ex. 


Example 


1 


2 


1 


2 


3 


4 


5 


6 


7 


8 


'Polyurethane elastomer 


25 


25 


25 


25 


25 


25 


25 


25 


25 


25 


"F-type repellent 


5 


5 


5 


5 


5 


5 


5 


5 


5 


5 


Crosslinking agent 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


Orgamo-philic clay complex 


Type 






A 


A 


A 


B 


C 


D 


E 


F 


Amt. 






0.25 


1 


2 


1 


1 


1 


1 


1 


Porous silica gel 




1 


















Dimethylformamide 


100 


100 


100 


100 


100 


100 


100 


100 


100 


100 



Note: 



'Solid component 
**F-type = Fluorine type 



40 Substances listed in Table 1 are concretely described below. 
Polyurethane elastomer 

Crisvon 8166 (trade name, manufactured by Dainippon Ink and Chemicals Incorporated) 

45 

Fluorine type water repellent 

Asahi Guard AG 650 (trade name, manufactured by Meisei Chemical Co., Ltd.) 
so Crosslinking agent 

Burnock D 500 (trade name of a block isocyanate manufactured by Dainippon Ink and Chemicals 
incorporated) 

55 Organophilic clay complex A 

Lucentite STN (trade name, manufactured by CO-OP Chemical Co., Ltd.) 
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25 



30 



Organophilic clay complex B 

Lucentite SWN (trade name, manufactured by CO-OP Chemical Co., Ltd.) was dispersed into water, and 
a quaternary ammonium salt of the formula 



CH3 
I 

C4H9-N*-C4Hg CI" 
C4H9 

was added to the dispersion in an amount 1.5 times as much as that of Lucentite SWN, in terms of 
75 exchange capacity, to effect reaction. The resultant mixture was filtered, and the residue was washed and 
dried to obtain the organophilic clay complex B. 

Organophilic clay complex C 

20 Synthetic swelling mica (trade name: Somasif ME, manufactured by CO-OP Chemical Co., Ltd.) 
prepared by heat treating talc and sodium silicofluoride at 850 *C was pulverized by Ultravtscomill (trade 
name of a grinding mill manufactured by Aimex Co., Ltd.). and ultrasonically treated in water at 27 kHz for 3 
hours. The ultrasonically treated substance was dispersed into water, and a quaternary ammonium salt of 
the formula 



CH3 
I 

C8Hi7-N + -C8H i7 CI' 
i 

C8H17 



was added to the dispersion in an amount 1.5 times as much as that of the synthetic swelling mica in terms 
35 of exchange capacity to effect reaction. The resultant mixture was washed, and dried to obtain the 
organophilic clay complex C. 

Organophilic clay complex D 

40 Lucentite SWN (trade name, manufactured by CO-OP Chemical Co., Ltd.) was dispersed into water, and 
a quaternary ammonium salt of the formula 



CH 3 
I 

CH3-M + -Ci2H25 CI " 

I 

C12H25 • 

50 

was added to the dispersion in an amount 1.5 times as much as that of Lucentite SWN in terms of 
exchange capacity to effect reaction. The resultant mixture was filtered, and the precipitation was washed 
and dried to obtain the organophilic clay complex D. 

55 Organophilic clay complex E 

Luc ntite SWN (trade nam , manufactured by CO-OP Chemical Co., Ltd.) was dispersed into water, and 
a quat rnary ammonium salt of the formula 
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CH3 

C i6 H33-N + -CH2-\__7 Cl * 
C16H33 

dried to obtain the organophilic clay complex E. 
Organophilic clay complex F 

, 5 Lucentite SWN (trade name, manufactured by CO-OP Chemica. Co., Ltd.) was dispersed into water, and 
a quaternary ammonium salt of the formula 



20 



(CH 2 CH20)mH 
I 



Cl2H25-N + " CH 3 
I 



Cl" 



(CH2CH2O) rnH 



(m+n = 15) 



25 



dried to obtain the organophilic clay complex F. 
30 Porous silica gel 

Syloid 244 (trade name, manufactured by Fuji Devison Chemica. Co... Ltd.) having a partic.e size of 1 to 

4 urn was used. particles were not mixed and dispersed, and in 

In addition, in Comparative Example in Table 1. ,me P an ' c,e5 . . ed as fine particles. 

thus obtained are shown in Table 2. 



35 
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[ ' (Physical Data) 




Comp. Ex. 


Example 








1 


2 


1 


2 


3 


4 


5 


6_ 


7 


8 


Water pressure resistance mm 
Moisture permeability g/m 2 «24 hr 


5000 
3000 


2500 
5000 


10000 
8500 


8000 
10000 


5500 
12000 


6800 
9000 


7500 
9600 


7100 
9100 


7200 
87000 


5800 
8500 


Peeling strength g/cm 


180 


270 


350 


450 


400 


390 


430 


400 


410 


380 



Methods for measuring each of the data in Table 2 are as dMcWMw- 
The water pressure resistance is measured in accordance w, h -MS Li 082. 
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It is seen from Table 2 that the waterproof sheet in Comparative Example 1 prepared without gelation 
nuclei exhibits a low moisture permeability though the water pressure resistance is Tiigh, and that the 
waterproof sh t in Comparative Example 2 prepared with ordinary fine particles exhibits a poor water 
pressure resistance though the moistur permeability is improved. 

5 On the other hand, the waterproof sheets in Examples of the present invention all exhibit both a high 

water pressure resistance and a high moisture permeability, and their peeling strengths are all greatly 
improved compared with those of the waterproof sheets in Comparative Examples. Moreover, it can be 
concluded from the detailed investigation of Examples of the present invention that the moisture permeabil- 
ity the present invention aims at can be achieved by the use of the organophilic clay complex in an amount 

io of at least 1% by weight based on the polyurethane solid component, and that the water pressure 
resistance the present invention aims at can be achieved by the use thereof in an amount of up to 8% by 
weight. 

Furthermore, it has become evident from similar experiments which are not shown in the table that the 
waterproof sheets exhibit an unduly low moisture permeability when the organophilic clay complex is used 

75 in an amount of less than 0.5% by weight based on the polyurethane solid component and an unduly low 
water pressure resistance when the composite is used in an amount of at least 20% by weight. 

The SEM photographs of the cross section and the polyurethane film surface of the waterproof sheet 
obtained in Example 2 are shown in Fig. 1 and Fig. 3, respectively. The SEM photographs of the cross 
section and the polyurethane film surface of the waterproof sheet obtained in Comparative Example 1 are 

20 shown in Fig. 2 and Fig. 4, respectively. It is seen that fine pores are concentrated I y formed near the 
boundary face between the fabric and the wet coagulated polyurethane film of the waterproof sheet 
obtained in Example 2. 

Industrial Applicability 

25 

The present invention provides a waterproof sheet having both a high water-pressure resistance, of at 
least 5,000 mm, and a high moisture permeability of at least 8000 g/m 2 »24 hr. There has never been such 
a waterproof sheet which has exhibits two mutually conflicting physical properties to such a high degree. 
The waterproof sheet is an excellent and useful one and is a very comfortable clothing material which rain 
30 and seawater cannot penetrate and which does not become .stuffy. 

Claims 

1. A highly water-pressure-resistant and highly moisture-permeable waterproof sheet comprising a fabric 
35 and a wet coagulated polyurethane film thereon, said wet coagulated polyurethane film containing from 

0.5 to 20% by weight, based on the solid component of the polyurethane, of a dispersed organophilic 
clay complex prepared by introducing a quaternary ammonium ion into the interlayers of a expandable 
phillosilicate, and said waterproof sheet having a water pressure resistance of at least 5,000 mm and a 
moisture permeability of at least 8000 g/m 2 *24 hr. 

40 

2. The waterproof sheet according to claim 1 wherein said expandable phillosilicate is at least one 
substance selected from the group consisting of smectite clay and swelling mica. 

3. The waterproof sheet according to claim 2 wherein said expandable phillosilicate is smectite clay. 

45 

4. The waterproof sheet according to claim 1 wherein said organophilic clay complex is in flaky fine 
particles each having a thickness of 0.001 to 0.04 um. "~ * 

5. The waterproof sheet according to claim 1, 2, 3 or 4 wherein said quaternary ammonium ion is 
so represented by the following general formula 

I 

55 R2*N + -R 4 

I 

- R 3 
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wherein Ri is an alkyt group of 1 to 22 carbon atoms or a benzyl group, R 2 is an alkyl group of 1 to 22 
carbon atoms or a (C m H 2m O) 0 H group (wherein m is an integer of 2 to 6, and n is an integer of 1 to 50), 
R 3 and R* are each independently an alkyl group of 4 to 22 carbon atoms or a (C m H 2tn O) n H group 
(wherein m is an integer of 2 to 6, and n is an integer of 1 to 50). 

5 

6. The waterproof sheet according to claim 5 wherein Ri in the general formula is a methyl group, and R 2 , 
R3 and R* are each an alkyl group of 1 to 1 8 carbon atoms. 

7. The waterproof sheet according to claim 1, 2, 3, 4, 5 or 6 wherein layers of highly aggregated fine 
70 pores each having a pore size of 0.1 to 1.0 um are formed near the boundary face between the fabric 

and the wet coagulated polyurethane film. 

8. The waterproof sheet according to claim 1 , 2, 3, 4, 5, 6 or 7 wherein fine pores open to the surface of 
the wet coagulated polyurethane film each have a pore size of 0.05 to 2 um. 

75 

9. A process for preparing a highly water-pressure-resistant and highly moisture-permeable waterproof 
sheet comprising 

dissolving a polyurethane into a solvent containing mainly a nitrogen-containing polar solvent, 
dispersing from 0.5 to 20% by weight, based on the solid component of the polyurethane, of a 
20 organophilic clay complex prepared by introducing a quaternary ammonium ion into the interlayers of a 

expandable phillosilicate, 

coating a fabric with the resultant solution, 

immersing the coated fabric in a coagulation bath whereby the polyurethane is coagulated, 
washing the resultant coated fabric, and 
25 drying it. 

10. The method according to claim 9 wherein said nitrogen-containing polar solvent is dimethyf-formamide. 

11. The method according to claim 9 wherein said expandable phillosilicate is at least one substance 
30 selected from the group consisting of smectite clay and swelling mica. 

12. The method according to claim 11 wherein said expandable phillosilicate is smectite clay. 

13. The method according to claim 9 wherein said organophilic clay complex is in flaky fine particles each 
35 having a thickness of 0.001 to 0.04 um. 



40 
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Fig.1 
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Fig.3 
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